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FOREWORD

The containe.': described in this report was developed for the
Air Force by Kellett Aircraft 4orporation of Camden, New Jersey
under Contract No. AF 33(038)-12757. The project was initiated and
initially monitored by Captain D. D. Ziegler as project engineer
under Propeller Laboratory SEO 582-210. The project was Lter
monitored by Lt. W. S. Eubanks, Jr., Potary Wing Br-anch, Propeller
Laboratory, as project engineer. Ackno-,;ledrment is r&de for the
assistance and helpful sug,,estions given by t.e personnel of the
Packaging Brsinch, Y•ateri!ls lhboratory, wnl.



The design and development of an all metal, demountable, extensible,
shipping container which is easily assembled and disassembled is described.
In addition, a description of another type of container which was not de-
veloped inder en Air Force contract is included for information and comparison.

It is concluded that the container developed under Air Force Contract
AF 33(038)-ln57 and described herein meets the requirements of the subject
contract and development program. The subject contaener passed a series of
drop tests and a shipping service test (!ui:n9 wich an actual set of blades
ras inst•1led in the container and the contelner shivoed to various points
in the continental "'n.ted States. •Ath inor mod ificatins the subject
crontainer should be suitable for shipping rotor blades In v"ryin• lengths

fen6 ft'. to 56 ft.

The ionold container, wvi'ch is described for addt!tinal Inforwation,
appears adequate for utilizatlon in the shipment of small rotor blades, al-
though minor modifications may be necessary to insure that t-is ciontalner
could be used In continuous service.

PUBLICATION RMYIEW

This report ýas been revieved P•nd Is approved.

L.K7

Colonel, IJSAP
Chief, Propeller Laboratory
Directorate of Laboratories
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DEVWLOPIM.NT OF A METAL SHIPPING CONTAINER

FOR %RLICOT7R ROTOR BLADES

IN TRODU CTICM

Helicoptsr rotor blades, by the nature of their design Fnd construction,
are difficult to package properly. A helicopter rotor blade is usually a long,
slender, vane-like wing thnt features light, flexible construction. The
extreme length o^ a contsaner to house a set of rotor blades as compered to
its width and height neceieitates a stronger, normally heavier, construction
to give the required rigidity. Due to the type of construction necessary to
assure that a rotor blade we~iha as little as pob.,ible, the majority of the
helicopter rotor blade desagns row in use or contemplated for future use have
low impact resistance. It 'a necessary then to provide some means of packaging
these blades so that they will be isolated from any shock loads which might
be imposed by an accidental dropring of the contsiner. ThMen rotor- blades are
packaged, careful attention must be paid to the prov~sions for mounting the
blades so that the inherent tlexibility of these blades will not allow them
to strike the walls of the container cr blade suzports and thus damage the
blades.

To date, the containers used for shippinp rotor blades 'eve been con-
structed primrilly of wood. These containers are extremely 'eavy as compared
to the weight of the blades being shipped. An example of this is a wooden
container weighing 10O0 pounds which Is used to ship a set of helicopter
blades weighing 360 pounds. It has been fcund that it is difficult not to
damage the wooden containers during disassembly since the wood sl-Inters and
cracks if force is used to pry off the top, (see Figs. 1, 2, and 3). Often,
if there are no blades to return from the field, the wooden cortainers are
destroyed or disassembled for another purpose. Shipoing cubature Is the
same whether the containers are empty or full. For this type of container,
it requires a different size container for each siza of rotor blade. Normally,
when an activity receives a shipment of helicopter blades, the Alades are
removed from the container and stored in racks. If the activity maintains
a large supply of helicopter blades, the problem of storage for the empty
blade shippinr containers presents itself.

It was with these problems in mind that the ?ropeller Laboratory initst'eIr
Project R-58-NO and Purchase Reauest No. cYMY4 for the development of a
metal ahlpping container for Helicorter rotor blades which would be de-
"able, extensible, and eslly assembled and lisassenbled. Ile "'.

i . T > ; . ~ ~ ' r o ~ W . ..... ... . . ... .. . ... . . .... .....................................• ••
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BACMROUND OF MH PROJECT

On 21 JiMe h197, the Paoiaging Branch of Materials LAboratory let a con-
tract to East Coast Aeronautics, Ina., New York, New York, for the develomwent
of two types of lightweight eontakners for the shipment of helicopter rotor
blades. The Týpe I container fFir. _) wqs to be of Pli metal construction
and the Type 1I Fig. 5) was to be of combined materials. Tnside clear dimen-
sione were to be 18 ft. ( length) by W0 in. (width) by 3, In. (depth). Thia
size container would accomnodate the main rotor blades of the R-6 hetllcopter,
which were taken as e typical load for the purposes of thi. s develorment. The
load was 174 pounds, of which IP5 pounds was carried at one end of tie con-
tainer, and 49 poumds Pt the other end. The load was supnorted by and attozhed
to reinforced floor membere loc-ted 4h In. and 30 in., respect'vely, from the
ends of the ocxta'ner. Both types of oontalners were AssFemlled by means of
bolts and fixed nuts, and could be completely disassembled qnd hundled "or
shipment when empty. The Tyne I container was -,ade of corrugated, O.Oh in.
aluminum sheet with stiffening ribs and two full-length wood skids. "_h e
Type II container "is made of three-eiphts inch plywood with rood skids.
Alignment and closure along the imctlins of sedet, ends a'd top were ac-
complished by means of a continuous Tetal section conslstnz of a senl-crcular
channel and fin. The f~ns were rlveted to the edge face of ore osnel and the
channel fitted over the edge of the adiacent panel. The channels were lined
r ,th a rubber ýaskst to provide a tight closure. The top pRanel of each con-
tainer carried four lifting r-ngs, one at each corner. The net weigmht of the
metal cowtminer was 8 pounds. The Dlywood container weizhed 351 pounds.
T~e oontrct with East Cost Aeronrutict, Tnc. weA successfully completed
IQ February IV- with the acceptance cf a vcoden end metal container. The
test data are recorded in References 1 and ?.

Althouglh these dees5-ns oro,7rd w-,c-esrfl and met the reouirements of
the Air Force, it was not felt that they were completely satisfactory for ti'Pw
follow'ng reasons:

(1) Although they were desirned to be dpmomntahle, there as a
large numb~r of fasteners And considerAhle time was required
to assemble and disassemble these containers.

(P) These ocntainers were rot extensible so that a different size
container was required for each different size rotor blade.

This pro ject w8s closed out ý6 "arch 1152 in Memorandum Report Nio.
~T~-!-55i3,Referaiera3

.. :to secu a a suitblt e
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sizes of rotor blades. The reasons given were.as follows:

(1) Tn the pop.. no epeeo?1cfl!ti-n or st-ndardlzntlo= ftr pmck-ging
rotor blades was avilable to the mnufacturers of rotor blades.
As a result of this condition, each manufteturer has used his
o packaging procedures and fabricated the boxes w1 'ioh are used

for shipment of commercial rotor blades. In some instances, the
boxes have proved to be unsatisfactory and blades have been
damaged.

(2) The boxes used for shipment of rotor blades have all been fabri-
cated of wood. Due to the extreme length of the box compared to
the oross sectional area, heavy pieces of timber are required
to obtain the required rigidity. It would appear feasible that
a meotl box could be fabricated to aocomplish the desired rigidity
with A weight saving-of approximately 50 per cent. This would
reduce the problem of handling as well as toe freoght costs for
shi pmnt.

(3) Týe length of the boxes required to pokage the rotor blades pre-
sently in use and those contemplated in the future vary to such
an exLent that the design of several types of wood boxes would
be required. It would appear feasible that a metal box could
be built in sections end by removal or addition of sectisns, be
adequate for packaginr a variety of rotor blades. Also, it would
aopear mere practical from a standpoint of re-using the box.
Damage would be co.sierably less nnd the box could be disassembled
and shipped in a very small package.

% he requirements for a contniner as set up for this project are alven below.
The Kellett Aircrait Corporation was selected as the prime contractor on the
basis of its pronosal end Contract AF W0038)-!757 as awarded to this company
for the dovelopwnnt of a suitable contalner, (Figs. 6 and 7).

H QUIRMNTS

iMATERIAL AND WORKMANSHIP

The metal container assembly will form a finished oroduct capable of
meeting the requir..
with induster
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the deletion of one section. The length of the sectiono will be determined from
the followinr data:

Rotor
Diameter Chord P'o. of We ;rht

Model (ft.) B(1n.) BIdes (lb.)

L9~ 3110
F-13, R-15 37 16 200

4-12 21 2 500
"33 11 3 120

7-19 53 17 3 WO
-UP 35 -- 3 220

FRP 41i 14 3 330

VEw IGq T

Consideration shaii be r,!ven -n the design so that the container will be
as light as possible without sqcrfI'cing rigidity and ruozedness.

APSB,,BLY AI:D CLOSUFE

Thie container shall be ?ao)Ie of d isrssenbly, assenýIy, and closure with
the rid of ordinary tools. The assembly and closure devices shall be capahle
of r-peated re-use.

DETITL •'UI.'"TS

The panel materlsl l- hove A puncture ros tp"ce corresponiýn7 to thst
of one-q,)rter inch, three-ply sofetwood, plywcod, or oreater.

Skids

d--•e base section shall be equipped -'th s~ids ir A -osition a'rroximately
flush with the sides of the container. The vprt-cal cIarance between the
bottom of the container and the bottom of the skids 3hall be a mininum of three
inches.

H a rdwm re

The cor. r



Load Carrying Members

Load carrying members shall be provided as an Intearal part of the base of
the container to supoort a directly appl'ed load fastened to and supported only
by the base.

Mo',nting Provisions

Provisions shall be made for mounting adequate blade saddles. Provisions
shall M made for anchoring the root end of the rotor blades to the bottom of
the eonts Iner.

Finish

All exposed surfaces sub,ect to corrosion shall be finished w!th n olive
drub paint.

Rigidity

When loaded with a test load and when susuended at the ends as des'r'oed
in Tests, the maxinmus delection of the coni-ner Pall not exieeo one-
quarter inch. After beinf subjected to the drop decrilbed ir" Tests, the xIax-
imum deflection of the container, similarly loaded nod suspendeýd ahalI not
exceed three-quarters inch. After being uublsoted to the drop test ard to th4
superimposed loacing test, the container shall reveal no significant structural
weakness and no deformation shall have oc-irred which will not permit the ready
reassembly of the container followtinr orplete disAssembly, and the faNtenmrs
shall be intact and in a condition for re-use.

TESTS

1ST LOAD

The container shall be loaded for testing, with a dum:ny load ettached
firmly to the bottom or base of the crntalner. The dummy load shall be equiva-
lent to the weight of the blades given In Dimensions, above, and the length
contsiner required. Of this load, 60 per cent of the weight shll be applied
to an area of three inches the width of the container, cr6dswisa of the bottom
of the container, and locAted lM itches from one end. The remaining [O per
cent of the dum'y load shall be applied to a similar hearing area located
30 inches from the opposite end.

DRiP IP STIS

,".rr'' s Test

i~i•,,' •'• 'l be• 'i nnort, ed,• a:' c'n .. .... .



91FUM1CTION TESTS

The container shell be freely suspended in a horizontal position by four
of the lifting riga, attached to the top, neare2t the ends of the conte~ner.

SUPgRUNPOSED LOAD TEST

A load of 100 pounds per square foot, without intervening dunnage or
other supports, uall be applied over the entire top area of the container.

T'HlE KRLLETT OONTAINER

After a study of the problem, Kellett decided that the design as originally
proposed was not adequate for the job to be done and a complete redesign of the
eontainer was made. This redesign was presented to Propeller Laboratory per-
sonnel who deemed that It could meet the reoun rements and was satisfactory.
The redesigned container as mabmitted (see Figs. 8, 9, and 10) has overall dimen-
sions of 26 ft. 4 in. (lenagth), 3 ft. (height), and " ft. 8 in. (width). It
is constructed of 114 panels made of a square, aluminum tube frame, and aluminum
honeycomb filler covered by two parallel aluminum sheets. Initial'y the panels
were assembled with fasteners known as "Roto-Tooka' which incor-orate a toothed
cam and eccentric. These fasteners were replaced by a better type look when
tests proved the "RotoaLocks" unsatisfactory. The container is so designed
that by vary, rg the number of panels, lengths of" 10 ft., 16 ft., and 26 ft.
can be attained. When disassembled and packaged for shipment, its oubature is
apýroxi•tely 140 cubic feet.

When first submitted on 11 May 195P, the Kellett container successfully
passed all of the required tests except the drop tests during which the locks
and the flooring under the load failed. The container was returned to the
contractor's facilities for redesign and repair. It was resuhbitted
9 November 1151 but again the locks and flooring failed during the drop tests.
After a new type fastener had been installed ".d a redesign of the floor panels
completed, the container as again submitted 10 VArch 1952 and successfully
completed the drop tests. A detail description of the container and the develop-
ment program follows:

PANELS

The panels for the Kellett container are of two basic lenrths, 10 ft. and
6 ft., and weigh 63 pounds and 3$ pounds, respectively. These panels may hb
used In various combinations to Pive lengths varying up to 26 ft. fsee Figs. i,

&ne, 1n ) . Th pp•n& I l i s onn' cta•d ie th # fine of .06 in. 214ST3
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housings are ocated on each end of the panel (see Fig. 12). All panels have

tapered Thcating studs around the periphery to assure positive alignment.
Attached to the top panels are four lifting rings, two inches inside diameter,
made of 51'16 diameter 1020 steel. The end panels contain two helicoil inserts
for attachment of the blade root retaiing frames.

The lcwer panels are designed to carry all of the load. As stated in the
Requirements, this load must be distributed over an area which is three inches
widd and extends across the width of the panel. In the original design, this
load was absorbed by a frame cross member which was attached to the edge tubing
by a clip and two rivets. This failed in the first drop test (Ref. L). When
the container was returned to Kellett for modifications, the clips were re-
placed, using ¶RI-Shear" rivets. This failed durirn the second drop test,
(Ref. 5) so the flooring was further strengthened by inserting a hard maple
block in the ends of the supporting cross member and fasteting it and the
supporting clips with four one-quarter fnch diameter bolts. The clips were
fastened to the side framing with rivets snd ends of the Esns Roll !ins, which
are used to secure the look housings at this polnt. Tn addition to strentthen-
ing the bottom panel for the third series of drop tests, a strip of one-,&If
inch rubber was placed in the bottom of the blaee ret~niing. -hannel to cushion
the load. The bottom panel as modified did not fail uring the third seriss
of tests.

The fasteners used to lock the ranels of the container are manufactured
by the Simmons Fastener Corporation. The fqstener first used in the container
has the trade name "Roto-Lock" (Fig. 151) and consists primarily of a circular
camn wth a "T' shaped cross section in the male houslng w)ch contacts the ex-
tended ears o0 lips of the female housing. Vhen the can is rotated by a con-
ventional *hex" or Allen type wrench, the two housings are forced together by
the action of the cam on the female ears.

The housings of these early locks rere made of cold rolled low carbon
steel and the cams were made of brass. TMis type of lock failed during the
19 in. drop endwise test (Ref. 4). It was found that the lips of the female
housings which were stamped were failing either by spreading and allowing the
cam to slip or by oraoking near the edge of the stamped dorrescicn.

Afii r,..re••` ' ]-'•-o dir-n,- t- initial. snceptance tests,
i F! i- -- c -ti• f",: tnne,'7, ft vw.s f•.•d that

.t....s.•., r ." a r.verave tensile load of

k-`1 1 1l?1-1 !;130 steml vleat
.t-,c steel for
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decided to utilite the 4130 steel housings and brass esma for tte second series

of acceptance tests. These 'Roto-Looks' failed generally in the lips of the

cams during the P4 in. drop endwise test (Ref. 5).

After the second failure of the "Roto-Look" type of fastener, Kellett
tested several "Dual-Locks," a new type of fastener recently developed by
Simmons Fastener Corporation tsee Fig. 1l). It was fbund that it was pos-
sible to obtain tensile loads up to 7i00 pounds with the newer type lock.

The "Dual-Lock" consi sts primarily of a hook made of tour pieces of 4130
sheet steel heat treated to 160,000 UTS mounted onan eccentric which is op-
erated by a standard Allen "hex" wrench, and a pin located In the female housing.
When the wrench is turned, the hook turns with the eccentric until it engRpses
the pin. As the wremoh is turned further, the eccentric continues to rotate,
forcing the hook into the male housing, pull-Ing the two housings topether (see
Fig. 12). By reversing the direction of rotation of the wrench, the locking
action is reversed.

Sixty-nine "Rotc-Looks" were replaced by 'Dual-Locks" in all look housings
located below the neutral axis of the container. hith the new "Dual-Locks,"
the Kellett container passed the drop tests, thus m eting the requirements and
therefore became acceptable (Ref 6).

The "Dual-Lock" type of fastener works well in this type of application,
for it gives a positive looking action. Also, the "Roll-Pins" which Are used
to hold the lock housings in the paneldappear to work well. These "Roll-PFins"
may be plugged or left open as brxathers for the container.

SADDLE RETATIiNG CHANNENLS

Another feature of this container is the removable blade support saddle
retaining channels (see Fig. 15). These retatning channels are made of .064 in.
214ST aluminum alloy sheet bent intc a "U" shape and drilled to accommodate four
Simmons one-ouarter Inch diameter Spring-Look studs which are used to fasten the
channel to the panels. The bottom and side oanels contain matching holes near
the ends in the frame cross members so that the channels my be quickly attached
of detached to the panels. Experience gained during the shipping tests indicates
thet it would be better if all of the frame cross nembers were drilled to accom-
modate thi, saddle retaining channels so that the channels, and thus the blade
supporting saddles, could be sYifted back and forth more easily to amcomnodate
the various lengths of blades r•lch are in use. This retaining channel apvears
to work well for it cnn bh !n1-•v -'t, Pnd detached and it provides ads-
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the container's adequacy. This service test consisted of packing a set of

helicopter rotor blades in the container and shipping the container to various

nointe in the continental T"nited States to ascertain if the container wouIld

Derfors its fNnction of protacting the rotor blades from damare.

As stated, this program ý*s been primarily concerned with the development
of the aotual container and not with the blade mountine crovisions, since it

was felt that the blade mounting provisions should be left up to t"e individual

blade manufacturer. As a result of this, no saddle design was available and

blade supporting saddles '-ad to be designed for this shipping test. It is
imperative that the blades be properly supported in the container to r•revent
daimage to the blades. Experience 'nas shown that a large percentage of the

damage incurred by rotor 'lades during shipment Is due to improper Tounting.
For this reason, careful attention was iiven to the design of the IlAde sup-

porting sa-ýdles for this test in order to asure t'nat these sunoorts would not

be a contributing factor to any daomrae which the test blades might incur.

A set of R-6 wood, fabric, and metal blades was used for the test ship-

ment (see FiK. 16). It was decided to use ii-6 blades because the tyre of 0oo-

struction utilized in these bldes rendered them more susceptible to 3ee
than any other available blade. Also, the R-O blade approximates the lenpth

and weight of the blade for an H'IP or F?-5 helloopter for whicb annt»ir ttyne of

container has been frbrioated. This use of comparable site biadas asr con-
ta; rs will enable a comparison to be made between the Kellett conntemner
developed by the Air Force and Tonold container devaloned for' use vrth the Navy

WUP blades. Only the two 10 ft. sections of the container were needed to ship
these blades.

The saddle designs used for this test were the result of the combination
of the best features of blade saddle designs whi6h have proved most successful
in the post. The blades were not only isolated from the supnortIng saddles by
foam rubber as shown in Figs. 17, 18, 19, and 'O, but the saddles were isolated
from the container proper by a one-half inch strip of ruhber. The blades were
securely mounted both by looking the saddle halves securely and by securing the
root ends of the blades to the ende of the container.

The blades and the container were thorourhly inspected prior to shipment
and all damaged areas were noted and tabulated. A silver dot was painted on

one and of the container to aid in the location of the damaged areas for future
reference.

The itinerary of the test was as follows:

W-PAFB, Ohio, via rail to M.ate ý,
Mather AB. Cllf.

Kelly 1"?P 'T
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SO ~ ~ 1 7V e.Thýi CI viA' tech> were reques tod to rmport on the condition
of the corntE:6's!r aci Itroe fromx th~e loet ststtlon. The ma~ority of the damage
ineurrec¶ by ty onttlnar (see Fire. 71, v?, 23, 2t, and 25' occurred duria,
transit flrom kathor A?2 to Kelly AFB. wlith the exoeption of ceaveral smil Pain-
tunoa end th~e sk-in ttrier on the bottomi of the oonftniner ats shown in Fir. 22, the

damg Inu'r~ inshitentwaue c ntust! n of-he don-age previ ously Incurrqed
by the oQLJVine: V"r..,th drop teista. pond' fallures and skin separatIons o~oa2
tinued I eniekrge mashcLm I i, Pl;.b1 Iflit'nr th"e R-6 rotor bladeconr the
Lirm nf V p t ff"rr s& dr004,1 dvo : the) 0 0 1U tde 2e

t- tl aIt [L

Y, ftri 11 T-:. 1j-rh-- c t T- - i' 11mae. ATh cotis cnta

ro T r

1~~~ ~~ z'2 1 > 1P c2 ' V'rt ,1 'ecnas
Cr, ~ ~ ~ ~ ¾- n eMmo'-'sdts

-;tr 41*2.i to delu.n tt ~ repof i-ee~ýnur hne F~.ý)Pie auronde

of t-:: t H7 5 Vt3/Yr,; t,.r Itde r' ,ý drzt'is:tribute snoropt-cri Ie t

the load r6 v or one blede e~iordt
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the end of the I in. drop (see Pigs. 31 and 32). It as also found that the
"Camlose fasteners used to fasten the two halves together were in general very

diffi•lt to look and unlock and were torn loose from the mounting flange rather
easily (Fig. 33). laterials Laboratory Technical Note no. .CRTC 5-13, dated
12 June 1952, (Ref. 6) concerning the Honold container tests reeomended that
a different skid desan be utilized that would nmt be subjeet to bending and
crushing and that a different type of fastener be utilized that would not be
as easily susceptible to damage as the presently used "samloess.

With the abois mentioned improvements Inoorporated in tbe Honold container,
it is felt that it, %wld prove to be an exeellent container for the shipment
of small sized rotor blades. It must be stated, however, that the Honold
eontainer does not meet the requirements set up, for it is not demountable and
is not esiensible and, as has been stated, failed to pass the drop-cornerwise
tests.

CONCLUS IONS

The oontalner developed by Kellett under Air Force Contract AF33(039)-12757
=m=ts the requirements as originally not up in the msbject contract. The eon-
tainer passed the third series of drop tests and incurred only minor damage.
Although major damage was incurred by the exterior of the container during ship-
ping tests, the intorior and the blades remained unharmed. It appears that should
such a container be put Into production, it would be necessary to secure a more
adequate bonding ftaterial to secure the skin to the frame and the honeycomb.
It is concluded that for mazs urodý•ltun pur-oses a single site or a standard
length panel should be utilized instead of the two lengths utilized in the pro-
sent container. The development of the Simmons "Dual-Look" which occurred as
a result of the subject container development is significant. As a quick con-
hoot and di'oounect device it is very adequate. It appears that many applica-
tions of this positive looking device may be fbund in the packaging fiead.

It is felt that the Kellett container is overweight (875 pounds when loaded
for shipment with R.-6 blades, as compared with 20 pounds for the Honold con-
tainer when loaded) and could be lightened without secrifioing strength.

The Honold container appears adequate for ths. job for which it was designed;
i.e., for shipment of moll radius rotor blades. The skids utilized on the
Honold container are not adequate, but could easily be modified to withstand
iapact loa4ing without crushing. It is felt that in view of the results of the
shipping tests on the Kellett container, perhaps the gage of metal ut12'd 1,
the oons•truction of the Honold container i a too thin and will T-,.
if subjected to rough handling such as was experienced b ,',
ellring the shipping tests.
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